The disappearance of spin excitations above 25 meV for KFe 2 As 2 . Using E i = 80 meV, we can still see clear incommensurate spin excitations at (a) E = 17.5 ± 2.5 meV. However, for energy transfers at E = 22.5 ± 2.5 mV, one can no longer see spin excitations, indicating a strong suppression of the spin excitation spectral weight for E > 25 meV.
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Supplementary Figure (e-h) and (i-l) are identical images for BaFe 1.9 Ni 0.1 As 2 at 5 K and BaFe 2 As 2 at 7 K, respectively. 
when fitting the quantity
, which is the experimental data after correcting magnetic Form factor and Bose population factor in superconducting (s) and normal (n) states. 
Supplementary Note 1
The absolute magnetic inelastic neutron scattering intensity in the main text is normalized by vanadium incoherent elastic scattering. To check the consistency of such an approach, we also normalized the absolute magnetic scattering intensity with phonons. As the method illustrated on Supplementary reference [52] , NR 0 , which are related with the number of unit cells of sample and instrument resolution, can be calculated via phonon intensity formula (S 1) based on a phonon's constant energy cut as shown in Supplementary Figure S9 .
C 1 and the following C 2 are used to simplify the deduction process. β is the angle between Q and polarization vector. Since Q = G + q with G = (−2, 0, 6) and q = (±0.146, 0, 0.4), we are essentially probing longitudinal acoustic phonon mode along the q = [±0.146, 0, 0.4] direction, giving cos 2 β ≈ 1. The calculated items are listed in Supplementary Table S2 . The imaginary part of dynamic spin susceptibility of one unit cell as normalization by phonon can be expressed as:
Taking formula (S 1) in to consideration,
In the case of our data from the time-of-flight experiments which has been normalized by vanadium, the phonon intensity is for one formula unit (f.u.). According formula (S 1),
And the measured magnetic cross section as shown in formula (S 8) can be simplified as:
With the formulas (S 4) and (S 5), formula (S 1) can be written as:
The data normalized by two methods is related via formula (S 6). For our notation with a = b = 5.57 Å, c = 13.135 Å, there are four formula units in one unit cell. NR 0 = 0.2546 eVbarn −1 is shown in Supplementary Table S2 . It is very closed to what it should be, 0.25. That means the two different normalization methods are consistent.
Supplementary Discussion
We will discuss more detailed experimental results on electron-doped iron pnictides, focusing on comparison of electron over-doped nonsuperconducting BaFe 1.3 Ni 0.3 As 2 with optimally electron-doped superconductor BaFe 1.9 Ni 0.1 As 2 and antiferromagnetic (AF) BaFe 2 As 2 . Supplementary Figure S2 shows Figure S3 shows the comparison of cuts along two high-symmetry directions for BaFe 2−x Ni x As 2 at x e = 0, 0.1, 0.3 [13, 24] . Supplementary Figure S4 plots the constant-Q cuts and spin correlation lengths for these three samples. It is clear that the zone boundary spin excitations for electron-doped materials remain almost unchanged at least up to x e = 0.3.
In the main text, the integrated dynamic (local) susceptibilities for hole-doped Ba 0.67 K 0.33 Fe 2 As 2 , electron-doped BaFe 1.9 Ni 0.1 As 2 , and BaFe 1.7 Ni 0.3 As 2 are shown in Fig. 1h . To compare spin excitations of Ba 0.67 K 0.33 Fe 2 As 2 with BaFe 2−x Ni x As 2 at x e = 0, 0.1, we show in Supplementary Figure S5 two dimensional constant-energy images at different energies in reciprocal space for these materials. The magnetic scattering intensities for the three compounds at the same energy are normalized to absolute units in the same color scale. The measurements for Ba 0.67 K 0.33 Fe 2 As 2 and BaFe 1.9 Ni 0.1 As 2 were carried out on the MERLIN time-of-flight (TOF) chopper spectrometer at the Rutherford-Appleton Laboratory (RAL), UK. The BaFe 2 As 2 measurements were carried out at MAPS, RAL. The incident beams were set to be parallel to the c-axis of the sample in all three experiments. Although spin excitation energies are coupled to momentum transfers along the c-axis in this scattering geometry, we note that MERLIN and MAPS experiments have almost identical L for spin excitation energy if the incident beam energy is the same. Therefore, the raw data with the same E i for Ba 0.67 K 0.33 Fe 2 As 2 , BaFe 1.9 Ni 0.1 As 2 , and BaFe 2 As 2 can be compared directly. For energy transfer of E = 15 ± 1 meV, the incident beam energy is E i = 35 meV for Ba 0.67 K 0.33 Fe 2 As 2 , 30 meV for BaFe 1.9 Ni 0.1 As 2 , and 80 meV for BaFe 2 As 2 . To compare the data quantitatively, the scattering intensity in Supplementary Figure S5 (a,e,i) have been corrected by the magnetic form factor. Spin excitations for Ba 0.67 K 0.33 Fe 2 As 2 have the strongest intensity at the resonance energy (E = 15 meV) and are rotated 90
• in reciprocal space from the line-shape for BaFe 1.9 Ni 0.1 As 2 . Spin waves in BaFe 2 As 2 has a clear anisotropy spin gap below 15 meV. For spin excitations at E = 50±5 meV in Supplementary Figure S5 , the incident beam energy was E i = 80 meV. Here, spin excitations for Ba 0.67 K 0.33 Fe 2 As 2 are transversely elongated but broader in reciprocal space compared to those of BaFe 1.9 Ni 0.1 As 2 and BaFe 2 As 2 (Supplementary Figure S5b, S5f, S5i) . The scattering intensity is larger than that of BaFe 1.9 Ni 0.1 As 2 , but smaller than spin waves of BaFe 2 As 2 . However, the integrated dynamic susceptibility of Ba 0.67 K 0.33 Fe 2 As 2 is similar with that of BaFe 2 As 2 , but larger than that of BaFe 1.9 Ni 0.1 As 2 . At energies above E > 100 meV, spin excitations of Ba 0.67 K 0.33 Fe 2 As 2 are clearly weaker in intensity than that of BaFe 1.9 Ni 0.1 As 2 and BaFe 2 As 2 . The constant-energy images have been subtracted by a radial background for Ba 0.67 K 0.33 Fe 2 As 2 and a constant background for BaFe 1.9 Ni 0.1 As 2 and BaFe 2 As 2 .
To quantitatively determine the dispersions of spin excitations in Ba 0.67 K 0.33 Fe 2 As 2 , BaFe 1.9 Ni 0.1 As 2 , and BaFe 2 As 2 , we cut through [H, 0] In Figure 8 of the main text, we have shown that the widths of spin resonance for Ba 0.67 K 0.33 Fe 2 As 2 change across T c . To further illustrate the line shape change between the normal and superconducting states, we need to determine the width ratio of spin excitations along the two high symmetry directions as a function of increasing energy above and below T c . We plot the fitting of full width at half maximum (FWHM) of spin excitations along H and K directions in the normal state in Supplementary  Figure S7 Figure  S7 (c) the energy dependence of the ratio (K − H)/(K + H) FWHM from 5 to 36 meV. In the normal state at T = 45 K, spin excitations at energies below the resonance have an oval shape with an elongated H direction, thus giving negative anisotropy ratio for energies below about 15 meV. On moving to the resonance energy at E = 15 meV, the scattering become isotropic and the isotropic scattering persist up to 30 meV. For energies above 30 meV, transverse elongated scattering takes over, giving positive anisotropy ratio. In our previous work [18], we reported that spin excitations integrated from 10 to 18 meV display an longitudinally elongated oval shape in the normal state. This is consistent with present work, which has much better energy resolution and better statistics for measured spin excitations. On cooling to the superconducting state, scattering are essentially isotropic below the resonance, and change to the maximum anisotropy at the resonance energy. For energies above the resonance, the scattering change back to transverse elongated spin excitations above 35 meV.
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